The chemical states and the deuterium retention of boron films deposited on type 316 stainless steel used as first wall of LHD, which contained 52 % oxygen, were studied by means of XPS and TDS. The high oxygen concentration in the boron film could be attributed to oxygen in the surface oxide layer of the stainless steel. The major chemical state of boron with 52 % oxygen concentration was B 2 O 3 . The B 2 O 3 structure was decomposed to B-B and B-O bonds by the energetic deuterium irradiation. It was found that the deuterium could remain in boron films under operation temperature in the first wall of LHD. The deuterium retention in the boron film deposited on SS was smaller compared to that in the boron film deposited on silicon substrate with 36% oxygen concentration. As the oxygen concentration in boron films increased, the amount of sputtered oxygen was clearly increased, indicating that more heavy water was formed by reacting with implanted deuterium and released, resulting in the smaller deuterium retention in the boron films. The knowledge for the tritium retention in boron films which cannot remove in the operation temperature and the release of tritiated water should be required for the D-D discharge in LHD. 
Introduction
For steady state operations of D-T plasma in fusion devices, it is important to keep the impurities low in vacuum vessels. In the Large Helical Device (LHD) of National Institute for Fusion Science (NIFS), boronization has been applied as a first wall conditioning technique [1] . Boron easily bounds to the impurities such as oxygen and carbon existing in vacuum vessels [2] . In boronization, boron is deposited on the first wall with the impurities and it is expected that energetic hydrogen isotopes including tritium escaped from D-T plasma will implant into the boron film contained with impurities. The implanted tritium will be trapped not only by boron but also by impurities in the boron film. Therefore, for the evaluation of tritium inventory in fusion reactor, the interactions of the energetic hydrogen isotopes with the boron film contained with impurities should be elucidated.
In our previous studies, the retention behaviors of energetic deuterium implanted into pure boron films were investigated, and it was revealed that the energetic deuterium was trapped as B-D-B bridge bond and B-D terminal bond [3] . In addition, for the boron films contained with oxygen, the additional peak of B-O-D bond was appeared [4] , and for the boron films contained with carbon, B-C-D bond was formed [5] . These additional bonds were formed through the non-equilibrium processes and decomposed in higher temperature than the operation temperature during the plasma discharge. It was also found that the deuterium was easily trapped by impurities than by boron, although the deuterium retention in the boron films decreased as the concentration of impurities increased, indicating that the implanted deuterium would be quickly released from boron film with impurities by forming heavy water (D 2 O) or hydrocarbons 4 (CD x ) [4, 5] . These volatile species would be introduced into D-T plasma, preventing the D-T plasma stable. These facts indicate that the evaluations of the impurity effects on deuterium retention are one of critical issues for boronization.
The type 316 stainless steels (SS) will be widely used in various components in fusion devices. Especially, in LHD, SS are used as a first wall material. It is well known that the oxide layer is quickly formed on the surface of SS [7] . It is expected that the oxygen in oxide layer would be introduced in boron films during the deposition, leading the formation of boron films contained with oxygen. In this study, the chemical states of boron films deposited on SS were elucidated by means of X-ray photoelectron spectroscopy (XPS). The retention behaviors of deuterium which should correlate with the chemical states of boron films were also investigated by Thermal Desorption Spectroscopy (TDS). The obtained results were compared with those in boron films deposited on silicon substrate.
Experimental
In this study, three types of boron films were prepared in different condition. Two of them were prepared as follows; the type 316 SS and the silicon were introduced into P-CVD (Plasma-chemical vapor deposition) chamber at the same time. The atomic concentration of oxygen on the SS surface was 40 %. The boron films were deposited on the SS and the silicon substrates at room temperature with the flowing rates of the 2.5 sccm of decaborane (C 10 H 14 ) gas as the material gases, and the 3.8 sccm of helium gas as the dilute gas. During the operation, the pressure in vacuum vessel was kept at 25
Pa. The impurity source gas was not introduced into P-CVD.
For the comparison to the boron film prepared above, an oxygen contained boron film 5 was deposited on silicon substrate as follows; the silicon substrate was introduced into P-CVD chamber and boronization was performed at room temperature with the same flowing rates of B 10 H 14 and He as mentioned above. In this process, 2.0 sccm of oxygen gas was also introduced as the oxygen impurity source gas. After P-CVD operation, the boron film with 36 % oxygen concentration was formed on silicon substrate. 
Results and Discussion
The atomic concentrations of boron and oxygen in the boron film deposited on SS substrate (B on SS) were 43 % and 52 %, respectively. Those of carbon and nitrogen were less than 5 %. In the case of boron on the silicon substrate deposited together with B on SS, the atomic In the O-1s XPS spectra, the peak areas of O-1s XPS spectra for both of the B on SS and the boron film contained with 36 % oxygen concentration deposited on silicon substrate were decreased after the deuterium implantation, although the decreasing peak area for B on SS was three times as large as that for the boron film contained with 36 % oxygen concentration deposited on silicon substrate, proposing that more heavy water was released to vacuum vessel during the implantation for B on SS, which is almost consistent with the experimental fact that the large amount of M/e=20 (D 2 O) was desorbed for B on SS. Therefore, the re-emission of water would contaminate the plasma and oxygen concentration should be taken into account. For the D-D discharge in LHD, it is expected that the tritium retain in boron film and the release of tritiated water, therefore the removal of oxide layer of SS is important from the view point of the establishment of steady state plasma operations and the tritium safety. 
Conclusion

